FIGURE 1. Location of the Kpogamé-Hahotoé phosphate deposits. After Cappetta and Traverse (1988) , modified.
and Rubilar-Rogers (2010) and in the fourth cervical vertebra of cf. Dasornis toliapica by Mayr and Zvonok (2011) . This salient characteristic of the cervical vertebrae has been linked to the hypothesized ventral inclination of the head in pseudo-toothed birds while they were flying (Mayr and Rubilar-Rogers, 2010) .
Proximal Humerus-A small part of the extremitas proximalis is preserved, including most of the caput humeri, the tuberculum dorsale, and the dorsal part of the planum intertuberculare ( Fig.  2A-I ). Assignment of KPG 2 to the pseudo-toothed birds is based on the following characteristics: the tuberculum dorsale is large and well separated from the caput, the dorsal part of which is cranially prominent; the proximal end of the crista deltopectoralis is well separated from the tuberculum dorsale; and the preserved part of the corpus is caudocranially compressed. KPG 2 corresponds to a humerus that is around 500 mm in length, which lies in the size range of Dasornis emuinus (see Bourdon et al., 2010) and is below that of Pelagornis miocaenus (between 591 and 710 mm; after Mourer-Chauviré and Geraads, 2008) .
KPG 2 exhibits several features of the genus Pelagornis that are not found in less specialized pseudo-toothed birds assigned to Dasornis (Bourdon et al., 2010) : the caput humeri is caudocranially deep; the cranial edge of the caput forms a straight and very prominent overhang, and the caudal edge is convex; the wide tuberculum dorsale protrudes proximally; no proximal end of the crista deltopectoralis is visible, hence this structure must have been in a relatively distal position; and the planum intertuberculare is flat and devoid of marked margo caudalis. However, Pelagornis humeri show some features that do not occur in KPG 2: the tuberculum dorsale is larger and the surface for insertion of musculus supracoracoideus is raised and prolonged distally by a narrow ridge; and the whole structure (tuberculum + ridge) is separated from the caput humeri by a marked depression (see Boessenecker and Smith, 2011) .
Distal Humerus-The whole extremitas distalis is preserved ( Fig. 2L-Q) , except for the epicondylus ventralis, processus flexorius, and sulcus scapulotricipitalis, which are damaged. Assignment of KPG 3 to the pseudo-toothed birds is based on the following characteristic: the corpus humeri is somewhat compressed caudocranially. The condyli are level with each other and distally prominent. The condylus ventralis is roughly rounded.
The fossa musculi brachialis is shallow and almond-shaped. The epicondylus dorsalis is very prominent. The origin of musculus extensor carpi ulnaris consists of two deep concavities that are surrounded by a thick and smooth ridge. The fossa olecrani and sulcus humerotricipitalis are shallow. The distal humerus KPG 3 corresponds to a humerus that is around 400 mm in length and pertained to a bird smaller than the form represented by the proximal humerus KPG 2.
KPG 3 resembles Pelagornis in that the epicondylus dorsalis is wide and oval, although it is more prominent in Pelagornis than in the former. In Dasornis, the epicondylus dorsalis is smaller than in KPG 3 and caudocranially compressed. The incisura intercondylaris is shallower in KPG 3 than in Dasornis and Pelagornis, which can be regarded as an autapomorphic feature.
Carpometacarpus-The carpometacarpus is complete except for the distal portion of the os metacarpale minus (Fig. 3) . Assignment of KPG 1 to the pseudo-toothed birds is based on the following characteristics: the processus pisiformis is stout; the os metacarpale alulare is elongate with a low processus extensorius, so that its cranial margin is straight and roughly parallel to the long axis of the carpometacarpus; the corpus carpometacarpi is elongate and slender; the symphyses metacarpales proximalis and distalis are elongate; and the spatium intermetacarpale is narrow. Overall, KPG 1 is very similar to Dasornis toliapica from the upper Paleocene/lower Eocene of Morocco (Bourdon et al., 2010) and lower Eocene of England (Harrison and Walker, 1976) . The carpometacarpus KPG1 corresponds to a markedly smaller individual than the forms represented by the humeral fragments, and lies in the size range of the largest individuals of Dasornis toliapica (see Bourdon et al., 2010) .
The morphology of the os metacarpale alulare fits well with that of Dasornis toliapica, in which only the base of the process is preserved (Bourdon et al., 2010) . The os metacarpale alulare of KPG 1 is, however, slightly longer than in the latter. The dorsal rim of the trochlea carpalis of KPG 1 is not well preserved, except for its caudal extremity that forms a thick tubercle extending as far distally as the caudal end of the ventral rim of the trochlea carpalis. The caudal margin of the ventral rim of the trochlea carpalis is thick and overhangs the deep fossa infratrochlearis. As in Dasornis toliapica, the prominent processus pisiformis extends far caudally, and its cranial border forms an overhang that extends far distally. However, the processus pisiformis is flat and its proximal edge is perpendicular to the long axis of the os metacarpale majus, in contrast to that of Dasornis toliapica, where it is convex with an obliquely descending proximal edge.
The symphysis metacarpalis proximalis is longer than in Dasornis toliapica. The os metacarpale majus is straight and lacks a processus intermetacarpalis. The sulcus tendinosus deepens and widens towards the extremitas distalis. The distal half of the os metacarpale majus shows a low median ridge on its facies ventralis (ventral ridge) that curves caudally close to the facies articularis digitalis major. The os metacarpale minus is nearly straight and parallel to the os metacarpale majus. KPG 1 differs from the lower Paleogene species and resembles the Pelagornis morphology in two major features: the proximal part of os metacarpale minus is subcylindrical in cross-section, like in Pelagornis, and unlike in Dasornis toliapica, in which it is caudocranially flattened. In the latter species, the surface of attachment of the ligamentum ulnocarpometacarpale ventrale is located on a prominent tubercle that lies on the proximal part of the facies ventralis of os metacarpale minus. In contrast, this tubercle is absent in KPG 1 and in Pelagornis.
The symphysis metacarpalis distalis of KPG 1 shows a deep, narrow sulcus interosseus and is slightly concave in ventral aspect. It is slightly longer than in Dasornis toliapica. In addition, the caudal border of os metacarpale minus at the symphysis metacarpalis distalis is straight, whereas it is convex in Dasornis (MNHN, uncataloged holotype, dorsal view) . Abbreviations: c, caput humeri; cd, crista deltopectoralis; coc, cranial overhang of caput humeri; d, dens axis; dr, dorsal ridge surrounding area of origin of musculus extensor carpi ulnaris; ec, origin of musculus extensor carpi ulnaris; ed, epicondylus dorsalis; fac, facies articularis caudalis; faz, facies articularis of zygapophysis caudalis; fb, fossa musculi brachialis; ps, processus spinosus; pv, processus ventralis corporis; td, tuberculum dorsale; zc, zygapophysis caudalis. Scale bar equals 10 mm. (Color figure available online) .
toliapica. The facies articularis digitalis major has a regularly curved dorsal margin forming a bridge above the sulcus interosseus, and its ventral margin is damaged. It differs from that of Dasornis toliapica in the longer and more prominent cranial process. The facies articularis digitalis minor is oval in shape and only slightly proximal to the facies articularis digitalis major.
DISCUSSION
The new material from Togo adds to the fairly abundant Eocene fossil record of pseudo-toothed birds in the Old World, with remains described from Nigeria (Andrews, 1916) , North Africa (Bourdon et al., 2010) , England (Harrison and Walker, 1976; Mayr, 2008) , Belgium (Mayr and Smith, 2010) , Ukraine (Mayr and Zvonok, 2011) , and Central Asia (Averianov et al., 1991; Mayr and Zvonok, 2011) . Gigantornis was named on the basis of an isolated sternum from the middle Eocene Ameki Formation of southeastern Nigeria (Andrews, 1916; Halstead and Middleton, 1976) . A tentative assignment of the new fossils to this taxon is based on the fact that the phosphate deposits of Togo and the Ameki Formation of Nigeria are temporally and spatially close. Like the Ameki Formation, the Kpogamé-Hahotoé phosphate deposits have been dated as middle Eocene (Cappetta and Traverse, 1988; Slansky, 1989; Johnson et al., 2000) . Moreover, the phosphate deposits of Togo are only 700 km west of the Ameki Formation.
Tentative assignment of the new fossils to Gigantornis is also based on the fact that the Togo fossils exhibit some, but not all, apomorphies of Pelagornis. Mayr et al. (2008) tentatively referred a sternum from the Miocene of Portugal to Pelagornis miocaenus. Another sternum from the middle Eocene of Belgium has been tentatively referred to Macrodontopteryx oweni (a junior synonym of Dasornis toliapica; see Bourdon et al., 2010) by Mayr and Smith (2010) . These specimens constitute the only sterna that are complete enough to allow meaningful comparison Gigantornis (KPG 1, proximal view); and J, cf. Gigantornis (KPG 1, distal view). Abbreviations: cbt, caudal border of trochlea carpalis; cef, caudal extremity of facies articularis digitalis major; dr, dorsal rim of trochlea carpalis; fcc, fovea carpalis caudalis; fdm, facies articularis digitalis major; oma, os metacarpale alulare; pm3, ventral protuberance of os metacarpale minus; pp, processus pisiformis; smd, symphysis metacarpalis distalis; smp, symphysis metacarpalis proximalis; vr, ventral rim of trochlea carpalis. Scale bars equal 10 mm. (Color figure available online).
with Gigantornis. All three sterna show some pelagornithid apomorphies such as the presence of well-marked lineae intermusculares on the carina sterni and a strongly cranially protruding apex carinae that bears a facies articularis furculae (Andrews, 1916; Mayr et al., 2008; Mayr and Smith, 2010) . The well-developed facies articularis furculae of the pelagornithids served as a strut for the furcula during contraction of the pectoral muscles and may have relieved the ribcage and the pectoral girdle from the load of the body weight . Gigantornis shares with Pelagornis some features that are not found in the sternum tentatively assigned to Dasornis, including a strongly vaulted corpus sterni and deep sulci articulares coracoidei (see Andrews, 1916; Mayr et al., 2008; Mayr and Smith, 2010) . A strongly vaulted corpus sterni has been shown to be related to sustained gliding flight . Deep sulci articulares coracoidei possibly provided additional stability to the pectoral girdle. Sternal morphology suggests that Gigantornis and Pelagornis were more specialized toward gliding flight than Dasornis, provided that the sternum from the middle Eocene of Belgium (Mayr and Smith, 2010) is correctly assigned to the latter taxon.
The humeral fragments from Togo share with Pelagornis several features that do not occur in Dasornis, including a deep caput humeri that is prominent cranially, a dorsally protruding tuberculum dorsale, a distally positioned crista deltopectoralis, a caudocranially compressed extremitas proximalis, and a large epicondylus dorsalis. As for the sternum (see above), morphology of the proximal humerus suggest that Gigantornis was more specialized for gliding flight than Dasornis, but less so than Pelagornis. Indeed, Olson (1985) suggested that the unique features of the proximal humerus of Pelagornis did not allow rotation of the bone into the glenoid cavity of the pectoral girdle, rendering flapping flight impossible for these gigantic seabirds.
Like Dasornis toliapica, the carpometacarpus KPG 1 lacks the extremely derived morphology that characterizes Pelagornis (Howard, 1978; Mayr and Rubilar-Rogers, 2010 ; Fig. 3 ). In the latter taxon, the os metacarpale alulare is extremely elongate and measures about one-fourth of the length of the carpometacarpus (Mayr and Rubilar-Rogers, 2010) . The os metacarpale minus is fused to the os metacarpale majus over most of the length of the carpometacarpus and the symphyses metacarpales proximalis and distalis are unusually long (Howard, 1978; Mayr and RubilarRogers, 2010 ; Fig. 3) . The low and elongate os metacarpale alulare of Pelagornis has been linked to a non-functional alula, which normally serves to prevent stalling in flight during takeoff and landing (Mayr and Rubilar-Rogers, 2010) . Because rotation of the humerus of Pelagornis was restricted, the wings were probably held in a horizontal position during takeoff and landing, in which case a functional alula would have been superfluous (Mayr and Rubilar-Rogers, 2010) . Certain features of KPG 1 approach the Pelagornis morphology and depart from that of Dasornis, including the longer symphyses metacarpales, the longer os metacarpale alulare, the subcylindrical proximal part of os metacarpale minus, and the absence of tubercle for attachment of ligamentum ulnocarpo-metacarpale ventrale. This suggests that the carpometacarpus KPG 1 pertained to a bony-toothed bird more specialized for gliding flight than Dasornis, but less so than Pelagornis, which is in accordance with the morphology of the humeral fragments KPG 2 and KPG 3. The carpometacarpi from the middle Eocene of Ukraine (Mayr and Zvonok, 2011 ) that were tentatively assigned to Dasornis toliapica differ from Dasornis toliapica and cf. Gigantornis in a number of features, including a shorter os metacarpale alulare with higher processus extensorius, a slightly curved proximal end of os metacarpale minus, and a narrower symphysis metacarpalis distalis. This suggests that the Ukrainian specimens belong to a different pelagornithid taxon.
Although the wing bones from Togo exhibit a combination of characters not found in previously described pseudo-toothed birds, we refrain from naming new species for these fossils, first because of their fragmentary nature, and second because their assignment to Gigantornis is only tentative.
The huge sternum that is the holotype of Gigantornis eaglesomei is about twice as large as the sternum of the Wandering Albatross, Diomedea exulans (see Andrews, 1916) . It constitutes the largest known sternum of a flying bird, and is markedly larger than a sternum from the Miocene of Portugal that has been tentatively referred to Pelagornis miocaenus by Mayr et al. (2008) , especially regarding the height of the carina sterni. The humeral length of the latter species varies from 591 to 710 mm (after Harrison and Walker, 1976; Mourer-Chauviré and Geraads, 2008) . Thus, the humerus of Gigantornis eaglesomei may have been longer than that of Pelagornis chilensis, which is 821 mm in length (Mayr and Rubilar-Rogers, 2010) . This is well above the size range of the humeri KPG 2 and KPG 3, whose estimated lengths are 500 and 400 mm, respectively. In spite of their size difference, the two humeral fragments and axis from Togo probably belong to the same species. Important size variation has been reported in the early Eocene pelagornithid genus Dasornis by Bourdon et al. (2010) and, to a lesser degree, in Pelagornis miocaenus by Mourer-Chauviré and Geraads (2008) . Furthermore, whether these bones belong to adult individuals cannot be ascertained because of their fragmentary nature or bad preservation, and this might account for a part of their size variation. The carpometacarpus KPG 1 could belong to a smaller, distinct species, first because size difference with the other bones from Togo is more marked, and second because the carpometacarpus belongs to an adult individual with fully ossified epiphyses. The humeri and axis would correspond to a pelagornithid with a 4 m wingspan, whereas the carpometacarpus would pertain to a pelagornithid with a 2.5 m wingspan. Interestingly, this parallels the size ranges of the largest two species of Dasornis from the upper Paleocene/lower Eocene of the Moroccan phosphates (Bourdon et al., 2010) , and the two species of cf. Dasornis from the middle Eocene of Ukraine (Mayr and Zvonok, 2011) . However, the presence of two species in the middle Eocene phosphate deposits of Togo cannot be ascertained, because pronounced sexual size dimorphism and individual variation could explain at least part of the size disparity between the carpometacarpus and the other bones. The huge sternum from Nigeria constitutes a distinct, truly gigantic species that might represent the largest known pseudotoothed bird.
Sedimentological evidence suggests that the Eocene phosphate deposits of Togo accumulated in a lagoon located between a carbonate barrier and the continent, as a result of a sediment trap (Kilinc and Cotillon, 1977; Slansky, 1989 ; but see Johnson et al., 2000) . The avifauna associated with this environment was probably composed mainly of seabirds. The first avian remains to be described from this locality belong to the Odontopterygiformes, which suggests that this group largely dominated the seabird fauna. The marine avifauna that occurred in the shallow tropical sea where the Moroccan phosphates accumulated in the upper Paleocene/lower Eocene is also characterized by a great abundance of pseudo-toothed birds (Bourdon et al., 2010) . Paleoenvironmental studies of the Ameki Formation indicate that Gigantornis eaglesomei lived in a shallow sea with a maximum water depth of 80 m, in a warm tropical climate (Arua, 1988) . Pseudotoothed birds thus occurred in similar paleoenvironments in these three different Eocene localities in Africa.
